Abstract Error sources which decrease the accuracy of GPS in absolute velocity determination have been changed since SA was turned off. Firstly, quantities of all kinds of error sources that influence velocity determination are analyzed. The potential accuracy of GPS absolute velocity determination is derived from both theory and field GPS data simulation. After that, two tests were carried out to evaluate the performance of GPS absolute velocity determination in the case of a static and an airborne GPS receiver and INS (Inertial Navigation System) instrument in kinematic mode. In static mode, the receiver velocity has been estimated to be several mm/s with the carrier-phase derived Doppler measurements, and several cm/s with the receiver generated Doppler measurements. In kinematic mode, GPS absolute velocity estimates are compared with the synchronized measurements from the high accuracy INS. The root mean square statistics of the velocity discrepancies between GPS and INS come up to dm/s. Moreover, it has a strong correlation with the acceleration or jerk of the aircraft.
Introduction
High accuracy velocity determination is important for missions involving satellite orbit rendezvous, airborne survey etc. GPS is an ideal technology for providing these real-time accurate velocity estimates at a low cost. Before SA was turned off, GPS absolute velocity determination could only achieve an accuracy of dm/s [1] . In order to improve the accuracy of GPS velocity determination, researchers have made some investigations on differential GPS velocity determination [2] [3] [4] [5] [6] . However, these results did not coincide with each other on the accuracy of DGPS velocity determination. For example, the results of kinematic airborne experiments in China showed that the velocity accuracies of mm/s could be achieved with the Doppler shift measurement [2] [3] [4] , but the scholars in the University of Calgary found that the accuracies of relative velocity determination depended on dynamic conditions according to many experimental results using DGPS simulation system [5, 6] . The velocity accuracy with mm/s could be achieved from GPS measurements under low dynamic conditions with constant velocity, but it decreased to 0.2 m/s, or even few m/s in the worst case under high dynamic conditions with high accelerations or jerks. tion can be derived from the ranging rate between the receiver and the satellite j as following:
where Φ is the receiver-generated Doppler measurement, which is called the raw Doppler measurement in the following sections; superscript j represents the PRN number of the GPS satellite; The raw Doppler measurement can be replaced by the carrier-phase-derived Doppler measurement, which is derived from the difference in carrier phase observations in the time domain. The equation is expressed as follows:
Where Φ is the carrier-phase observation; subscripts , 1, 1 k k k + − stand for the observation epoch; t Δ is the interval of the observation data.
The algorithm of the absolute velocity determination is similar to that of GPS single point positioning. The velocity of a receiver as well as the clock shift can be estimated provided that four satellites are tracked by a receiver simultaneously. If the number of satellites tracked is bigger than four, the velocity solution can be obtained by the least squares method.
Errors analysis of GPS absolute velocity determination
In order to evaluate the effect of each error on the accuracy of GPS absolute velocity determination, the magnitude of each error affecting the ranging rate between a receiver and a satellite is first discussed one by one. By differentiating Eq. (1) we can derive the following equation:
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The last two terms in Eq.(3) are negligible because of its insignificant effects.
Errors from satellite orbit and clock
On one hand errors from satellite orbit and clock produce an indirect effect on velocity determination by decreasing the positioning accuracy of a receiver. On the other hand, the error of satellite orbit introduces a computational error of the design matrix. According to Eq.(3) the impact of the satellite orbit error on the ranging rate can be expressed as
If a magnitude of the satellite orbit error is 10 m, its impact on the ranging rate will only be 1.6 mm/s when j ρ and j r are approximately 20 000 km and 3.2 km/s respectively. At present the accuracy of GPS broadcast ephemerides is 1.6 m from the website of IGS central bureau [7] , therefore its effect on the accuracy of GPS absolute velocity determination will be insignificant.
Error from satellite velocity
An investigation made by Serrano [8] , who had summarized the deviations between two results of velocities of many satellites computed with IGS post-processed ephemeris and broadcast ephemeris respectively, showed that the accuracy of satellite velocity from broadcast ephemeris is smaller than 2 mm/s. Its magnitude is almost equal to the noise level of measurement.
Error from satellite clock drift
The stability of an atomic clock assembled in GPS satellite keep to 10 12~1 0 13 in a period of one day.
The residual of that has negligible influence on velocity determination after making the correction by using navigation message.
Relativistic effect
The relativistic effect caused by the orbital eccen-
